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ABSTRACT
Th e use of composite beams is very common in
bridge and. in building construction due to the fact
that a savings in material is effected.
The study herein shows a simplified procedure
for design of composite beams.

A number of design

charts for rapid selection of a wide-flange section
and the necessary cover plates are presented herein.
These charts are based on economic sections of steel beams
when used in a simple span,

if one knows the approximate

depth of the beam, slab thickness, allowable stresses in
the steel and concrete and live load moment, it is very
easy to determine the required economical section.

The

charts were prepared from the results of a considerable
number of trial designs which were obtained with the
a i d of the IBM 1620 computer.
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INTRODUCTION
This study has been made to find a simplified
design procedure for composite beams in building con
struction for a particular condition.

No attempt has

been made to generalize the problem and only usual
design criteria that appears in ordinary building
construction has been considered.
When a concrete slab is supported by steel
beams and as long as there is no connection between the
slab and the beam while it deforms under vertical
loads;

the top flange of the steel beam is in com

pression and shortens, while the bottom surface of the
concrete slab is in tension and elongates.
is

Thus, there

discontinuity, and composite action would not be

achieved between the slab and the beam.

Bond must be

present at the junction of slab and beam to produce
composite action.
A steel-concrete composite construction consists
of the following elements:
1.

Longitudinal steel section.

2.

A reinforced concrete slab,

3.

Shear connectors which are welded at the
top of the steel section and embeded in the
slab to produce composite action.

8

FIGURE

1

The main advantage in composite construction is a
saving in weight as compared to non-composite construction.
The saving in weight has been shown to vary from 8% for
for welded built-up beams. (1 )

ordinary rolled beams to

There is also a considerable decrease in live load deflec
tion resulting from the Increased stiffness of the compos
ite beam.

Moreover, it permits the use of lighter beam

sections and in many instances permits the use of a
shallower beam which may produce lower wall and footing
costs.
The interaction between the slab and the steel beam
is accomplished by means of shear connectors.

Some of

the different types of connectors which are very commonly
used are shown in figure 1 .
Channel connectors consist of short lengths of
rolled channels with one flange welded to the top surface
of the steel beam.

Stud connectors consist of short

pieces of round bars which are welded to the top surface
of the steel beam, and spiral connectors made of a round
bar wound in to a spiral which are welded to the top sur
face of the steel beam,

ill three types are capable of

transmitting horizontal shear from the slab to the steel
section and also to anchor the slab down to the beam.
The steel beam should be capable of resisting the
dead load moment caused by Its own weight, with or without
cover plates plus the slab weight with finishing;
* Numbers refer to references In bibliography
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provided that intermediate shoring is not used.

The

design of the steel section is affected by pure elastic
methods covered in elementary steel design text books.
Upon hardening of the concrete, composite action takes
place and the resisting moment is computed by the prop
erties of transformed section which is obtained by substi
tuting for the concrete slab an equivalent amount of steel.
In the design of composite sections, the moment due
to dead load and live load plus moment due to impact

(if

necessary) are determined and a trial section is chosen
which will resist about one and one half times the dead
load moment.

After selecting the steel section, it is

then checked considering a composite action for live load
moment.

from such trial sections, the deepest and most

economical one is selected which will satisfy the clear
ance requirement, and which also would keep the deflection
within the specified limit.

The selection of such trial

sections depends greatly on the experience of the designer
and is most time consuming for the beginner if he does not
have a collection of previous design data.

Generally

designers use their own short cut methods to achieve an
economical section.
for the purpose of resisting dead load moments, a
selection of a rolled type beam having a cover plate on
the tension side, is governed by both the maximum compress
ive and maximum tensile stresses.

But in such cases the
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neutral axis lies below the raid point and so compressive
stresses are predominant.

When the composite action takes

place, the neutral axis is shifted towards the top as the
transformed area of the slab takes an active part in resist
ing live load moment.

So compressive stresses in concrete

and tensile stress in bottom flange of the steel section
generally governs the design.

Steel sections having more

steel area at the bottom flange than the top flange are
much more adaptable insofar as its strength is utilized
in resisting the total moment.
The object of this study is to find a relationship
among live load moment, dead load moment,

slab depth,

beam depth and area of the bottom flange to reduce the
number of trial selections encountered in such designs.
This may permit one to find the necessary area, of the bottom
flange and cover plates for a few rolled wide flange sections.
The depth of the beam for a given span is ordinarily assumed
and live load moment and dead load moment are known within
reasonable limits.

The selection and design of composite

bean in this study is purely governed by the allowable
stresses for the respective materials.
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LITERATURE REVIEW
When a, concrete slab is supported on steel beams,
it is a common design assumption that the slab carries
the load to the steel beams and the steel beams carry
the load to the girders and columns#

In reality, the

slab is forced by the load to deflect with the steel beams
and thus to help carry the load to the supports.

However,

as long as there is no connection between the slab and the
beam, the proportion of the load transferred to the beam
supports by the slab is believed to be very small.
A section in which there is no connection between
the slab and the steel section is referred to as a non
composite beam.

When it deforms under vertica.l load, the

bottom surface of the slab is in tension and elongates
while the top surface of the steel section is in com
pression and shortens.
is

Thus, at the end of the beam, there

discontinuity between the slab and the steel section

in the plane of the contact.
If horizontal forces, applied along the top surface
of the steel section-acting outward from the center of
the section, cause an elongation of the top surface, an
upward deflection results.

Similarly, the horizontal

forces applied along the bottom surface of the slab acting
towards the center of the section, cause a shortening of
the bottom slab surface and an upward deflection of the
slab results.
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If the horizontal forces on the bottom of the slab and
on the top of the steel section are equal, the forces at
the contact surface are again in equilibrium,,

Furthermore,

if the magnitude of the horizontal forces are such that the
discontinuity in the contact plane is eliminated, a com
posite beam with full interaction between the slab and
the beam would be achieved*

Shear connectors of various

types are used to achieve a composite action.
The non-composite beam and the composite beam with
full interaction represent two limits of composite action
between the concrete slab and the steel section.

The actual

degree of composite action may be anywhere between the two
extremes.

If the connection between the slab and the

beam is properly designed, the interaction may be consid
ered complete.
The deflection of a composite beam is smaller than
the deflection of the non-composite beam of equal dimension.
Further, the composite beam is considerably stronger than
its non-composite counter-part•

The higher stiffness and

strength of the composite beam point to some of the advan
tages that can be gained by composite design; such as a
saving in steel, a decrease in beam depth and a longer
span with economical rolled sections.
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i. - Early Studies
Investigations of composite beams were carried out
in the years 1920-1958 in the United States and abroad
including both experimental and theoretical studies.

In

1920 (1) the Dominion Bridge Company of Canada conducted
tests of two floor panels, each consisting of two steel
I beams encased in concrete and a concrete slab on the
assumption that the entire load is carried by steel, but
they indicated good interaction between the two materials.
Test results are available for over 250 composite beams
made of steel I beams and concrete slabs and also of about

250 pushout specimens utilized in shear connector.
The Canadian tests were reported during the year 1923.
The beams were tested to yielding of the steel or to bond
failure.

The study of continuity consists of tests of

six fully encased beams connected to transverse girders.
The slab was reinforced with varying amounts of reinforcing
bars and was subjected to negative bending moment.

The

beam failure was noticed to be due to bond failure in two
partially encased beams at a shear stress of 400 psi to

500 psi.
Other tests were conducted in Canada (1) with the use
of shear connectors (square bars) welded on one half of the
span.

The conclusion was reached that so long as bond be

tween the concrete and the steel was not definitely broken,
the composite beams behaved in substantial correspondence.
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with the theory of composite beams (assuming complete
interaction between the slab and beam).

Furthermore,

mechanical connectors were found to provide

excellent

security against an early bond failure.
British investigators (l) found that as long as
bond is present, the re-inforced concrete theory is
valid for composite beams.

All beams not having any

mechanical means of anchoring steel to concrete failed by
diagonal tension after slippage occured between the contact
plane of steel and concrete.

The addition of angle connectors

increases the ultimate strength. Composite beams were found
to possess a great amount of reserve strength after yielding
when end connectors provide sufficient anchorage.
In tests conducted by other European investigators,
the slip between the beams and slabs was noted.

(l)

The beams

failed between 80% and 100,^ of the theoretical fully plastic
capacity.

They suggested the designing of composite beams

on the basis of their ultimate moment co.pacity and recommen
ded the use of mechanical shear connector*
Tests in the United States (l) were carried out at
Purdue Universitj?', at the University of Nebraska, at the
Massachusetts Institute of Technology, and at the Truscon
Steel Company and were reported in 1923.

They concluded that

composite beams may be designed safely on the basis of
"Elementary Principles of Design", and recommended an allow
able bond stress of .03 f*c.

16
In the paper published by I, M* Vlest and C. P.
Siess

(2) through Highway Research Board, they have also

shown that in order to secure all of the advantages of
composite action between the beam and slab, the shear
connectors should be strong enough to provide a practically
complete interaction at all stages of loading, up to the
ultimate load, and must be efficient in preventing move
ment in both the horizontal and vertical direction,
Furthermore, behavior of mechanical connectors, bond
connectors, stiff connectors and flexible connectors were
discussed on the test results and found that mechanical
shear connectors were the most satisfactory.
In the investigation of the stud shear connector for
composite concrete and steel I beams by I, M 0 Viest (3)
the list has shown that a steel stud is suitable for use
as a shear connector in composite concrete and steel
construction.

Behavior of a stud connector is similar to

that of a flexible channel connector.
Savings in weight with composite construction com
pared to non-composite construction have been shown in the
report by 0, P. Siess (4) for rolled wide flange beams,
unsymmetrical beams such as rolled beams with cover plates,
built-up welded beams, beams made from structiiral steel
rolled unsymmetrical beams and in composite bridges with
temporary supports.

Generally the saving varies from Q%

for the ordinary rolled beams to 30^ or more for welded
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for Highway Bridges of the AASHO (1953)" and made
certain assumptions to reduce
to produce a regular curve.

the variable factor and

These assumptions were as

follows:
1.

The total dead load weight

carried by the beam

and cover plate consists of the weight of 7 inch slab,
plus the beam and cover plate weight plus an allow
ance for diaphrams, rivets and other miscellaneous
items equal to 10 % of the weight of the steel beam
and cover plate.
2«

The slab is a 7 inch thick concrete slab and effective
flange is 84 inches wide.

3.

The H20-S16 live load, including impact is carried
by the composite concrete and steel section with the
concrete having a value of n=10o

4.

The wearing surface is carried by the composite
concrete and steel section with the concrete having
a value of n=30.

5®

Ho temporary supports are used during construction.
Furthermore, in the design of composite beams

and cover plates, these charts give an economic choice
of beam, spacing for a given condition.

With the help of

interpolation, these charts give fairly good results for
the slab thickness of 6-g- or 7s inches, and they were
found to be on the safe side,

in illustrative example

has shown the procedure and use of the charts for the
design of composite beams.
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built-up beams.

Tables were prepared to show the percen

tage of savings in each case.
B - Design of Composite Beams for Bridges.
For the choice of composite beams for highway bridges,
Mr. Harry Subkowsky (5) presented a series of design
charts for the rapid selection of rolled beams and cover
plates based on economic section of steel when used as
stringers in simple span composite highway bridges.

He has

drawn the charts for graphs of span length versus factor K
(K is the moment of inertia taken at the contact plane
of slab and steel section divided by 1000).

The slab thick

ness was taken as 7 inches and carrying a dead load wearing
surface from

inch to 4 inch depth of concrete.

These

graphs are based on interior bridge beams only.
Five other graphs are prepared which give:

(a) The

size of bottom cover plates required for the span and beam
concerned; (b) Aid in the preliminary choice of the beam
other than Interior beams: (c) Span length in feet to theore
tical length of cover plates based on an allowable steel
stress of 18000 psi: (d) Approximate moment of inertia
about the neutral axis (modular ratio = 10) versus the
value of the factor K: (e) The statical moment "Q." of the
effective concrete area about the neutral axis of the com
posite section to the value of the factor K.
In the above study and preparation of different
charts, Mr. Subkowsky used "The Standard Specifications

Another method for the design of composite beams
was prepared by Mr. 0. P. Siess (4) who had discussed
the following conditions :
(a) .

Those facilitating the design of composite rolled
beams without cover plate, and

(b) .

Those for use in the design of built-up welded beams
In case (a) the problem of choosing a section may

be simplified by the use of tables giving the properties
of composite beams.

Such tables have been prepared for

composite beams consisting of various wide flange beam sec
tions anting in combination with a section from 6 inches to
8 inches.

The properties tabulated are:(l) section modulus

of the bottom flange:

(2) moment of inertia of the beam;

and (3) ratio of horizontal shear at the junction of slab
and beam to the vertical shear at any given location.
In case (b) the most economical properties for such
beam will be those for which the total dead and live load
stresses are equal for the two flanges. If temporary sup
ports are not used, the adjustment of flange area to give
equal stresses is rather complicated,

since dead load is

carried by the steel beam alone and live load is carried
by the composite action.

However, for a particular

set of conditions, the process of design may be simplified
by the use of an empirical procedure based on the results
of a number of designs made by trial and error.

Ill these

designs, the webs were made of such a thickness that stiffners were not required.

Computations indicated that a

thickness of not less than 1/87 times the clear depth would
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provide adequate safety against buckling.

Any appreciable

change in this ratio will require alteration of the follow
ing empirical formula for the trial flange areas.
The procedure developed consists of a preliminary
design, an analysis, and a revision.

Usually a second

analysis will not be necessary unless unusually high pre
cision is required.
(1)

Preliminary Design - The area of the bottom

flange, Ab,and the area of the top flange, A-t, in square
inches, are given by the expressions;
Ab = A 0 - 2.5

and

A^. = 0.8Ao - 6.0

in which A q = Ma

Fs x de
and

+ Mj, is the sum of dead load and live load moments

in inch pounts, Pa is the allowable stress in steel, in
pounds per square inch; and de is the distance between the
centers of gravity of flanges, in inches, plus the height
of any fillet between the slab and the beam.
(2)

Analysis -

The stresses are computed for the

section obtained in the preliminary design, Step (1).

It

is assumed that the dead load moment is carried by the steel
beam alone and the live load moment is carried by the compos
ite section.
(3)

Revision - If the stresses in either or both

flanges is different from Pa , the flange area may be adjusted
in the following manner;

Let P5 be the desired stress in
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the flange; F'b be the actual stress in the flange;
*b be the desired area of the flange to give a stress of
Fb» A*b be the present area of the flange giving a stress
of F'b and A^ be the total area of the web*

Then

Ab ♦ 0*4 Ay , F'b
A 'b + 0*AAy'
Fb
This adjustment can be made simultaneously and independ
ently for both top and bottom flanges.
As an illustration of the effect of changing the
thickness-depth ratio for the web, the following expressions
for trial flange area have been found to hold approximately
if this ratio is 1/50 instead of 1/87 as before:
Ab = 0.95 A©

- 2.5

A t * 0.80 A q

- 7.5

In an investigation carried out by Mr. Jack C. Hacker
(6 ) on a great number of balanced composite stringers with
spans 60 to 140 feet, spacing from 6 feet to 8 feet, and
slab thickness from 6 Inches to 8 inches, it was shown
that a usable approximation of this relationship would be
proportioned with a factor K, which is the ratio of top
flange steel area to bottom flange steel area.
expressed in terms of the span.

This can be

For the above working range,

this factor is closely approximated by the expression 50/( 190- 1 ).
The equations derived w e r e :

(for span to 140 feet).
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Where

= moment due to dead load In Kft.
MLL = moment due to live load in Kft.
d = depth of beam between center of gravities of
flanges; inch,
S = thickness of concrete slab in inches,
= allowable steel stress in bending; ksi.
L = span length in feet.
JLSb = area of steel in bottom flange; sq. in.
A st = area of steel in top flange; sq. in.
In deriving the above expressions, certain assumptions

were m a d e , they are as follows:
1.

The center of gravity of a flange area coincides
with its extreme fibers.

2.

The web is not effective in resisting any bending
moment•

3.

All the dead load moment is carried by the steel
section alone.

4.

All the live load moment is carried by the composite
section of steel and concrete.
With the help of the above equations one can design

the section to resist the known dead load and live load mo
ment for a given span and depth of the slab and beam.

The

design procedure is much more simplified than other methods
stated before.
Here it should be noted that nearly all of the above
mentioned tests and design procedures were set up for co,posite highway bridge beams.
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0 - Specifications that are Applicable for the Design
and Fabrication of Structural Steel for Buildings,
Bending stresses in tension and compression for the
symmetrical members supported laterally at intervals no
greater than 13 times its compression flange width is given
by
Fb = 0.66 Fy
and for unsymmetrical members
Fb = 0.60 Fy
where Fb = bending stress permitted in the absence of
axial stress
Fy = specified minimum yield point of the type of
steel used.
Here steel with 46,000 psi specified yield point is
used which is also applicable for steel over 3/4 to rjjr inches
in thickness.

According to the above expression *^3:27,500 psi.

The width-thickness ratio should not be greater than
20O&
- r * r ~

So far as the web is concerned, the clear distance
between flanges in inches shall not exceed
^.4.000.000

Ji/(fy +T37555T"
times the web thickness.
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If the web depth to thickness ratio exceeds
24,000 /

the maximum stress in the compression flange

shall not exceed
f'b =

pL.O

- 0.0005 — ( k - 21*000
j_
where Fb = applicable bending stress.

L

Ay = area of the web
Af ss area of compression flange,
h = clear distance between flanges of a beam,
t as web thickness of the beam.
The effective flange (width = b) of the slab is
given by

1.

b =s l/4 span length.

2.

b = clear distance between beam spacing

3.

b = 16 times slab thickness plus flange width
of the steel section.

The entire horizontal shear at the function of the
steel beam and the concrete slab shall be assumed to be
transferred by shear connector welded to the flange of the
beam and embeded in concrete having at least one inch of
concrete cover in all directions.
Here too, design of the shear connector according
to the specification is left for the individual designer
for the conditions concerned.
Maximum live load deflection should not exceed

1/360 of the span.
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For construction without temporary shoring, the
value of the section modulus of the composite section used
in stress calculation (referred to its tension flange)
shall not exceed
Str = (1.35 + 0.35
where

ml

^

) Ss

and Md are, respectively, the live load and

dead load moment and Ss is the section modulus of the steel
beam (referred to its tension flange) and provided that the
steel beam alone, supporting the loads before the concrete
has hardened, is not stressed to more than the applicable
bending stress.
Assumptions for the design allowed by the specifi
cation were used and they are as follows:
1.

Encased beam shall be proportioned to support, un
assisted, all dead loads applied prior to the hard
ening of the concrete (unless these loads are
supported temporarily on shoring) and, acting in
conjunction with the slab, to support all dead and
live loads applied after hardening of the concrete,
without exceeding a computed bending stress of 0.6 Fy%

2.

Bending stress produced by loads after the concrete
has hardened shall be computed on the basis of the
moment of inertia of the composite section.

3*

Concrete tension stresses below the neutral axis
of the composite section shall be neglected.
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4*

The full interaction between the slab and the steel
beam is accomplished by means of shear connector
design in accordance with the specification*

5*

The moment of inertia of the composite section shall
be computed in accordance with the elastic theory.

6.

The compression area of the concrete above the
neutral axis shall be treated as an equivalent area
of steel by dividing it by the modular ratio n,
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DI3CU38I0U OF PROBLEM
This study on composite beams for building construc
tion has been made to find some relation between live load
moment, dead load moment, depth of the

beam, depth of the

slab, area of the bottom flange and the area of cover plates
on the tension side, if any,
A considerable number of trial designs were made
with 3000 psi concrete.

The maximum stress in the steel

was kept at 27,500 psi and modular ratio n was equal to
10.

The distance between the beams was held constant at

10 feet center to center to utilize theeffectiveness
slab as a compressive flange.

of

This study has been made for

span length'5 of 35 feet, 40 feet, 45 peet and 50 feet.
Considering an empirical expression 1/20 to L/30

Cl = Span length) for the trial depth of the steel beam,
the following rolled wide flange sections were chosen for
35 feet and 40 feet span length.
1.

16 WF 50,

16 WF 78,

16 WF 96.

2.

18 WF 50,

18 WF 85,

18 WF 114.

3*

21 WF 62,

21 WF 96 ,

21 WF 142.

4.

24 WF 76,

24 WF 120

24 WF 160.

and for 45 and 50 feet span
1.

21 WF 62,

21 WF 9 6 ,

21 WF 142.

2.

24 WF 76,

24 WF 120,

24 WF l60.

3.

27 WF 94,

27 WF 145,

27 WF 177.

4.

30 WF 116

30 WF 172,

30 WF 210

28
Selection of particular wide flange sections is explained
later.
Each, section was analysed first without any cover
plate and then with l/2 inch, 3/4 inch, 1 inch, and 1 l/2
inch thick cover plates of varying width that could he
suitably attached to each steel section on the bottom
flange•
The effective width of the slab on the top of the beam
was found as specified in the American Goncrete Institute
specifications and the least value of the following was used:
1.

1/4 span

2.

I6t + b *

Where t is the thickness of the slab and b 1 is the
width of the flange of the steel section.
3.

center to center spacing of the beams.

In all the above expressions, the value l6t + b*
was found to be the governing factor in this study and for
each span and each slab thickness this value of effective
slab width was used.
In the second set all the above procedure was repeated
for all the spans, slab thicknesses, wide flange rolled sec
tion with and without cover plates with changed initial
conditions.

The stress in the concrete was changed to 3750

psi and the steel stress was kept at 27500 psi.
ratio "n1* was 8 for this condition.

The modular
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The flow diagram ox this design problem is shown in
appendix A which would explain clearly the adopted design
procedure.

The actual program was written in ’’Forgo’* lan

guage for IBM 1620 and the program was computed on "Fortran
Two."
There are many variables in this design procedure and
some change in each one would give a new trial design problem.
Thus the most frequently used quantities such as slab thick
ness of 4, 5 and 6 inches only were considered.

The next

variable appears in the selection of trial rolled wide flange
steel section.

There too, the empirical expression L/20 to

L/30 for the depth of the beam was followed and among the
allowable depth range there are many steel sections for each
individual depth.

For each chosen depth the steel sections

of light weight, medium heavy weight and heavy weight were
selected to cover the possible range.

In selection of cover

plates, an adequate width which could be suitably attached
to the bottom flange of the steel section was chosen. So far
as the thickness of these plates is concerned, the most
common thickness which is very frequently used in building
construction such as 1/2 inch, 3/4 inch, 1 inch and 1 l/2 inch
is used.
In order that the variables in this study be limited to
a reasonable number only span lengths of 35, 40, 45 and 50
feet were considered.

This is consistent with the depth to

span ratio for the beams which were selected for study.

SO
So far as steel and concrete stresses are concerned,
high strength steel was used in that the depth ratios are
reduced because of the increased rigidy of composite action.
Concrete of 3000 psi and 3750 psi strength was used, which
is very common also in building construction.
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DISCUSSION OP RESULTS
Because of great numbers of trial designs which were
taken from the computer output, it was not possible to pre
sent all th.e data in this paper*

Graphs were plotted for

the data taken with respect to the variables which were used
in the general problem.
With regard to the applicable specifications, stresses in
the steel were limited to 27,500 psi.

The width-thickness

ratio for compression flange was always found to be less
than the allowable, 3000 / _ y p v ", for each steel section
v

chosen.

The allowable clear distance between the flanges

for the web was found to be less than
14,000,000 / _ / F y (Fy + 16,500)
times the web thickness. The web depth to thickness ratio,
was less than

24,000 / - A T *

The deflection due to

live load was also found to be within the permissable limit
of l/360 of span length.

The section moduli for the composite

section referred to its tension flange were found to
exceed

the limit allowed by specificatiors for construction

without shoring in the case of light-weight rolled steel sec
tions.
In the case of medium heavy and heavy weight steel sec
tion, the section moduli was permissable.

It has been left

to the individual designer to check with the specification
according to construction method if applicable.
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GRAPHS
In the graphs no. 1 to 4 the area of bottom flange
including cover plates, if any, were plotted for 4 inch,
5 inch, and 6 inch slab thickness and 3000 psi concrete
versus the ratio of dead load moment divided by depth of the
steel section plus the ratio of live load moment divided
by the sum of depth of the steel section and slab thickness
MdLL +
j for 35 feet, 40 feet, 45 feet and 50 feet scan.
CT“
d+S J
The area was in sq. inch, Mai. and MLL was in kft, d and s
were in inches.

The graphs were approximated to a straight

line without much affecting the nature of the curve.

The

straight lines were found to be discontinuous at the points
where concrete stresses were controlling the design.

Graphs

no. 5 to 8 were plotted for the above quantities except in
this case the concrete stress was changed to 3750 psi.
Another set of graphs were plotted for plate area versus
the ratio of live load moment and dead load moment for 4 inch,
5 inch and 6 inch slab thickness, 3000 psi and 3750 psi
concrete for 35, 40, 45 and 50 feet spans.

Graphs numbers

9 through 12 consist of 3000 psi, 4 inch, 5 inch and 6 inch
slab for 35, 40, 45 and 50 feet span, while graphs numbers
13 through 16 were the same except again, the concrete stress
was changed to 3750 psi.

For each individual rolled wide

flange steel section, curves were approximated to a straight
line, but

discontinuities were found where concrete stresses

were controlling the design.

Other trial graphs were plotted

for the ratio of the area of top steel flange to the area of
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bottom steel flange including cover plates, if any, versus
the ratio of the live load moment to the ratio of the pro
duct of dea.d load moment and depth of the steel section
^8*b vs, Miftx i in order to determine if a definite
£sb
WL d
relationship existed here.
These quantities were plotted
on log-log paper and the curves were found to follow an
approximate straight line relationship only for the light
weight steel sections.

The relationship could not be gen

eralized and is not shown in this study,
for a given set of conditions, a design procedure can
be ascertained from graph ITos, 1 through 16,

If span length,

slab thiclcness, concrete strength, live load and dead load
are given,

one may find the few wide flange rolled steel

sections to choose for trial selection from the second set
of graphs.

The first set of graphs gives a good check on the

required total area of the bottom flange of the steel section.
An illustrative problem has been included to show the use of
the graphs,

so that the number of trial calculations may be

reduced in the design of composite beams.
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ILLUSTRATIVE PROBLEM
Given:

40 feet span
6 inch slab thickness
9 feet center to center beam spacing
3000 psi concrete,
modular ratio "n" = 10
O
250 pound per ft.
live load

The problem is to dssign a composite beam to meet the
above requirements.

Procedure :

Live load W jj , = 250 x 9/1000 = 2 . 2 5 K/ft.
Dead load U d£ (slab) = 9 x 6 x .150/12 = 0.675 K/ft,
Assumed beam weight = .125 K/ft.
Total dead load W dL = .8 K/ft.
Live load moment Mr/r = 2.25 x 402
= 450 Kft.
s
:
Dead load moment -ax, = --.8 x
40^ = 160 Kft*
5---=

450.
160

= 2.81

^dLL
Prom graph no. 10 the following steel sections are
available :
16 UP 50

with cover plate of 11.0 sq. inch area

16 UP 78

"

7.6

t»

16 UP 95

"

5.0

It

18 UP 50

”

8.2

II

18 UP 85

"

5.0

II

21 UP 62

"

6

II

21 UP 96

h

2

It

24 UP 76

"

2.2

It
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1*

Assume 24 WF 76 section
Ail
V d

+

% L i= ('ill
d+S/
v 24

+ 450j= 21.6
30/

From graph no, 2 A sb = 8.3 sq. inches
24 WF 76 gives bottom flange area = 6.05 sq. inches
Area of cover plate = 8.3 - 6.05 = 2.25 sq. inches
Therefore the above results from graph no. 10 are
approximately correct.
Chech
Non«composite section
24 WF 76 with 5 inch x l/2 inch cover plate
H 3t = 19.23 inches
Ybs = 11.27
wd l = 675+ 7648.5
Md L = . 76| 4q 2

= .76 k i p s / f t .

= 152 K / f t .

I = 2433.8 inch 4
^sb^dL = 152x12x11.27

/ 2434

= 8.45 ksi

f stMdL = 152x12x13.23

/ 2434

= 9 . 9 5 ksi
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Composite Section
T cc = 7 . 5 3 inches
Ytc = 1 *53

"

Y bc - 22.97 "
X = 7398 inch 4

fcMLL = 45<&j2*7f52 = .550 ksi
7398x10

f stMLL = 43.Q_.?,^X2^x__22 .9X = 16.8 ksi
f s b « U = 450 i l2 i 1.53
7398

= i.ii tsi

L.
L.

Total f Sb = 8.45 + 16.8 = 25.25 ksi
Total f st = 9.95 + 1.11 = 11.06 ksi
Stress in concrete f c = 550 psi
2.

27.5 ksi
27.5 ksi

1350 psi

Choose 21 WF 62 with cover plate of 6 sq. inches

!Si + ^
=§£2
+
160
=a4
d+S
d
27
21
From graph no. 2
A sb = 1 0 sq. inches
Flange area of 21 WF 62 = 5
Plate area

= 5

"

"

"

”

Select plate of 3/4 inch x 7 inches gives 1^5.25 sq. in.
= 18.93 inches
Ybs = 8.82 inches
WdL = 6 7 5 + 6 2 + 2 0 . 5

= 7574 kips/ft.

MdIl = 151.48 kft.
I = 1701.8 inch 4
^sbHdX, - XJ53..4 x 12 x 8.82 = 9.4 ksi
1701.8
fstMdL = 151.4 x 12 x 8.82 = 13.9 ksi

1701.8
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Composite Section
Y cc = 7.23 inches
Ybc = 20.52

"

Ytc = 1 - 2 3

"

I = 6273.8 inch 4
feMLL = 45°

x

6274 x 10

= *622

ksi

^sb**LL= 450 x 12 x 20.52 = 17*6 ksi
5275
f st**LL= 450 x 12 x 1.23 = 1.06 ksi
6274
Total f sb = 9.4 + 17.6 = 27.0 ksi /_ 27.5 ksi

fst

= 1.06 + 13.90 = 14.96 ksi

fc = 622 psi

[_

27.5 ksi

1350 psi

Therefore a 24 WP 76 with 5 inch by 1/2 inch cover
plate or 21 WP 62 with 3/4 inch by 7 inch cover plate on
the bottom flange will meet the requirement.
The final selection from the available trial section
depends on the individual designer and on the given
conditions.
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CONCLUSIONS
As stated "before in the Literature Review, many
designers have given short-cut methods for the design of
composite beams for bridge design.

In such a case, live load

moment was considered as a particiilar type of highway loading*
In the design of composite beams for building construction,
live load moment is also a variable factor which generally
depends on the type of the building and its requirements as
to span and the load to be carried.

This paper, although

limited in scope, shows a design procedure for composite
beams*
As shown in the illustrated problem, the designer
would find a few wide flange rolled sections of different
weight, different depths and also with a different require
ment for the area of cover plates.

Here out of such numbers

of available steel section, the designer may find a good
choice to meet the requirements regarding depth, weight or
necessary cover plate.

Furthermore, these charts give

fairly good results even for 4-|- inch and 5s- inch slab thick
ness and for any span between 35 to 50 feet with the help
of interpolation.

This study was made to reduce the great

numbers of trial designs and to find the economical section
as far as weight is concerned*

The use of the charts pre

sented here would reduce the number of total designs and the
designer should find the required steel section after the
first or second trial.

Ho attempt was made in this paper to compare the
saving in cost because ox reduced weight to the increase
in weight caused by welding or riveting the cover plates.
A final selection should consider this factor*
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SYMBOLS
-1 =
A c=

Total area
area of effective concrete slab
area of the top flange

Afb=

AV~

area of the bottom flange
area of steel plate

Ast=

total steel area

*^tc=

area of transferred concrete section

b=

effective slab width

V

width of plate

bf=

width of the flange

d=

depth of rolled steel section

E=

modulus of elasticity

fc=

bending (for concrete) stress

f 8s

bending stress for steel

fst=

bending stress in top flange of the steel section

fstMdl =

bending stress in top flange of the steel section
due to dead load moment

*sb=

bending stress in bottom flange of the steel
section or the plate.

fsbM dL =

bending stress in bottom flange of the steel
seotion or the plate due to dead load moment.

ii

1=

yield point stress in steel
moment of inertia of rolled wide flange section

Is=

moment of inertia of steel section

xc=

moment of inertia of composite section
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SYMBOLS (CON'T)
L=

span length

MdlF

dead load moment

m LL=

minimum live load moment

M LLf c=

live load moment due to concrete stress

Mj.frfa-f-.=

live load moment due to stress in top steel flange

MLI^sb 3

live load moment due to stress in bottom steel
flange or the plate

»st=
S=

neutral axis of steel section from top of the slab
slab thickness

tf=

flange thickness

tP=

plate thickness

w dl*=

dead load

¥l l =

live load

II
a
*

weight of the slab per running foot

¥ &=

weight of the rolled wlde-flange section per
running foot

wp=
*bc=

weight of the plate per running foot
distance of bottom steel fibers from the

10

II

neutral axis of composite section
distance of bottom steel fibers from the
neutral axis of steel seotion
Toc=

distance of top concrete fibers from the V.A.*
of composite section

T tc=

distance of top fibers of steel section from the
of composite section*

^ts 22

distance of top fibers of steel section from the
H.A* of steel section*
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Plow DIAGRAM (COM*!)
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